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0 AC/DC power converting apparatus. 



© A DC-to-AC electric power converting apparatus comprising: an inverter circuit (14) having a plurality of 
switching elements and converting DC electric power into AC electric power; a transfonner (2A) connected to the 
£^ inverter circuit (14); a cyclo-converter circuit (15) for converting the frequency of the output from the transformer 
^ (2A); a earner signal generator (6A) for generating a canier signal of a predetermined frequency; an inverter 
^ switching circuit (17A) for controlling the switching operation of a plurality of the switching elements of the 
^ inv rter circuit (14) in synchronization with the carrier signal and switching a plurality of the switching elements 
to of the inverter circuit (14) in a period in which an electric cunrent is not substantially passed through the Inverter 
m arcult (14); a reference voltage signal generating circuit (16) for generating a reference voltage signal for the AC 
voltage to be transmitted from the cyclo-converter circuit (15); and a switching signal generating circuit (18A) for 
^ g nerating a control signal for controlling the cyclo-converter circuit (15) in response to the reference voltag 
O signal gen rated by tiie r ference voltage signal generating circuit (16) and the carrier signal generated bv th 
^ canier signal generator (6A). « » y 
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BACKGROUND OF THE INVENTION 

Field of the Inv ntlon 

The present invention relates to a DO-to-AC electric power converting apparatus for use in an AC power 
supply system such as an uninterruptive power supply system. More particularly, the present invention 
relates to an electric power converting apparatus of a high frequency intermediate link system in which high 
frequency electric power is transmitted/received via an insulating transformer. 

Description of the Related Art 

The structure of a conventional apparatus will be described with reference to Rg. 15. Rg. 15 is a block 
diagram of a conventional DC-to-Ac power converting apparatus as disclosed in IEEE PESO '88 Record. 
pp658-663. 1088. Referring to the drawing, reference numeral 1 represents an inverter circuit, 2 represents 
a transformer the input of which is connected to the inverter circuit 1 and 3 represents a cyclo-converter 
circuit connected to the output of the transfomier 2. Reference numeral 4 represents a filter circuit 
connected to the output of the cyclo-converter circuit 3 and 5 represents a current detector for detecting the 
output current from the cyclo-converter circuit 3. Reference numeral 6 represents a carrier signal generator. 
7 represents a reference voltage signal generating circuit and 8 represents an absolute circuit Reference 
numeral 9 represents a PWM circuit, 10 represents an inverter switching circuit and 11 represents a cyclo- 
converter switching circuit. The inverter circuit 1 comprises four semiconductor switching devices Si to S*. 
while the cyclo-converter circuit 3 comprises four semiconductor switching devices Ss. Sg. Ssa and Sqa' 
The transformer 2 is an-anged in such a manner that the turn ratio of the primary coil and the secondary coil 
IS 1:2 and an intermediate tap is formed at the midpoint of the secondary coil. The filter circuit 4 Is an LC 
filter circuit comprising a reactor and a capacitor. Reference numerals 12 and 13 respectively represent a 
DC power source and a load circuit connected to the DC-to-AC electric power converting apparatus. 

Then, the operation of the above-described conventional apparatus will be described with reference to 
Rg. 16. As shown in the uppermost portion of Rg. 16. reference voltage signal V* in the sine waveform 
transmitted from the reference voltage signal generating circuit 7 is converted into absolute signal |vi by 
the absolute circuit 8. The absolute signal is. together with a carrier signal transmitted from the canier 
signal generator 6, supplied to the PWM circuit 9. As a result, the PWM circuit 9 transmits two types binary 
signals Ta and Tb. That is, the binary signal Ta. the level of which is changed in synchronizatfon with the 
timing at which the amplitude of the absolute signal and that of the carrier signal are allowed to coincide 
with each other, and the binary signal T5, the level of which is changed in synchronization with the last 
transition of the can-ier signal, are transmitted. Then, the binary signal Ta and Tb are supplied to the inverter 
switching circuit 10 so that ON/OFF signals Ti to T4 for switching on/off the four semiconductor switching 
devices Si to constituting the inverter circuit 1 are transmitted. That is. the ON/OFF signals Ti and T3 
are the same as the binary signals T^ and T^, respectively. The ON/OFF signals T2 and T* are the signals 
obtained by respectively inverting the sign of the binary signals Tb and Ta. When the level of the ON/OFF 
signals Ti to T< is high, the corresponding semiconductor switching devices Si to S4 are switched on. 
When the same is low, the con-esponding semiconductor switching devices Si to 84 are switched off. As a 
result of the structure shown in Rg. 15. the relationships among the semiconductor switching devices Si to 
S4 and the secondary voltage V2 of the transformer 2 are expressed as follows: 

When the switches Si and S3 are switched on: V2 = 0 
When the switches Si and S* are switched on: V2 = Vdc 
When the switches S2 and S3 are switched on: V2 = - V^c 
When the switches 82 and S4. are switched on: V2 = 0 (1) 

where symbol V^c denotes the DC output voltage from the DC power source 12. 

Therefore, when the semiconductor switching devices Si to S* constituting the Inverter drcuit 1 are 
switched on/off In response to the ON/OFF signals Ti to T*. V2 becomes AC voltage the pulse width of 
which has been modulated as shown In Rg. 16. 

When th binary signal Tb. the reference voltage signal \r and output current ice from the cyclo- 
converter circuit 3 transmitted from the current detector 5 are supplied to the cyclo-converter switching 
circuit 11. ON/OFF signals T5. Te. TgA and Tba for respectively switching on/off th four semiconductor 
switching devices Ss, Sg. Ssa and Sba constituting the cyclo-converter circuit 3 ar transmitted from the 
cyclo-converter switching circuit 11. It is assumed thai the polarity of the output current is defined in 
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such a manner that the dir ction, in which th output cunrent ice is supplied to the load circuit 13, is posltiv . 
When the polarity of the ice is positive, the semiconductor switching device Ss or Se is switched on/off. 
When the sam Is n gativo, Ssa or Sba is switched on/off. 

As a result of the structure arranged as shown in Rg. 15, the relationship between the output voltage 
5 Vcc from the cyclo-converter circuit 3 and the secondary voltage V2 of the transformer 2 is expressed as 
follows: 

When Ss or Ssa is switched on: Voc = V2 

When Sb or Sba is switched on: Vcc = - V2 (2) 

10 

Therefore, when the ON/OFF signal T5 or Tqa is made the same as the binary signal Tb and as well the 
ON/OFF signal Te or TgA is made the signal formed by inverting the sign of the binary signal Tb. the 
polarity of Vcc becomes positive. When the ON/OFF signal T5 or Tga is made the signal formed by Inverting 
the sign of the binary signal Tb and as well the ON/OFF signal Ts or T^a is made the same as the binary 

16 signal Tb. the polarity of Vcc becomes negative. As a result, ttie cyclo-converter switching circuit 11 
discriminates the polarity of the reference voltage signal V and tiie output cunrent ice from the cyclo- 
converter circuit 3 respectively supplied from the reference voltage signal generating circuit 7 and the 
current detector 5. Thus, tiie ON/OFF signals Ts, Tb, Tsa and Tqa as shown in Fig. 16 are generated from 
tiie binary signal Tb supplied from the PWM circuit 9 in accordance with the thus discriminated polarity. In 

20 accordance with this, sine-wave voltage, the pulse width of which has been modulated and which is as 
shown in the lowermost portion of Fig. 16. can be obtained as tiie output voltage Vcc from the cyclo- 
converter 3. When the obtained output voltage Vcc is then supplied to the filter circuit 4, sine-wave voltage 
Vl from which tiie high frequency component has been eliminated due to the PWM operation is suppfied to 
the load circuit 13. When the frequency of tiie carrier signal is raised sufficiently witii respect to tfie 

25 frequency of ttie reference voltage signal V at tiiis time, tiie load voltage Vu to be supplied to tiie load 
circuit 13 becomes the voltage from which the high frequency component has been sufficientiy removed 
due to tiie PWM operation and tiie amplitude and the phase tiiereof have been made substantially the same 
as tiiose of the reference voltage signal V. Fig. 16 illustrates a switching pattem when tiie load circuit 13 
has been made the linear load of the delay power factor. 

30 Then, electric currents which respectively pass through each of the switching elements of tiie inverter 
circuit 1 and the cyclo-converter circuit 3 will now be considered. Since the electric current output from tiie 
cyclo-converter 3 continuously passes, the electric current is not turned on/off at ttie moment at which each 
of the switching elements is switched off. As a result, it commutates to another switching element which is 
switched on. In tiie cyclo-converter circuit 3, since a pair is fonmed by the switches Ss and Sg and anotiier 

35 pair is formed by tiie switches Ssa and Ssa. the electric current is complementarily commutates to each 
ottier. For example, when the switch Ss switches off tiie electric current, tiie current commutates to tiie 
switch Sg which is switched on. On the conti-ary, when the switch Ssa switches off the electric current, the 
cunrent commutates to the switch SeA-ln tiie inverter circuit 1, tiie electric cunrent circulates in the inverter 
circuit 1 when Va = 0 in Equation (1). On tiie contrary, ttie electric cunrent passes tiirough the DC power 

40 source 12 when V2 = Vjc or - V^c- For example, when the switch S^ switches off tiie electric current in a 
state where tiie electric current passes because the switches Si and S* are switched on, the electiic 
current commutates to the switch S3 which is switched on. 

As described above, the conventional DC-to-AC electric power converting apparatus receives DC 
electric power and ti-ansmits AC electric power in accordance to the reference voltage signal. The above- 

45 described DC-to-AC electi-ic power converting apparatus is usually called "a high frequency intermediate 
link type electric power converting apparatus" since tiie high frequency electric power is supplied/received 
via a transformer. There has been known a fact that a structure, in which ttie high frequency intermediate 
link type electric power converting apparatus is employed in an AC power source apparatus such as ttie 
unintenoiptive power supply system, will enable the size and the weight of the Insulating transformer and 

60 the filter circuit to be reduced. 

However, the conventional DC/AC power converting apparatus encounters problems In that the conver- 
sion efficiency is unsatisfactory and the switching frequency cannot be raised due to large switching loss 
generated because ttie switching elements of tiie inverter circuit and the cyclo-converter circuit switch on/off 
the electric current. Furthermore, there arises another problem of generating voltage surge due to switching. 

55 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide DC/AC power converting apparatus 
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exhibiting small switching loss, high conversion fficiency and reduced voltage surge. 

According to the present invention, ther is provided a DC-to-AC electric power conv rting apparatus 
comprising: an inverter circuit having a plurality of switching elements and converting DC I ctric power into 
AC electric power; a transformer connected to the inverter circuit; a cyclcxjonverter circuit for converting 
the frequency of the output from the transformer; a canrier signal generator for generating a carrier signal of 
a predetermined frequency; an inverter switching circuit for controlling the switching operation of a plurality 
of the switching elements of the inverter circuit in synchronization with the carrier signal and switching a 
plurality of the switching elements of the inverter circuit in a period in which an electric cun-ent is not 
substantially passed through the inverter circuit; a reference voltage signal generating circuit for generating 
a reference voltage signal for the AC voltage to be transmitted from the cyclo-converter circuit; and a 
switching signal generating circuit for generating a control signal for controlling the cyclo-converter circuit in 
response to the reference voltage signal generated by the reference voltage signal generating circuit and 
the carrier signal generated by the carrier signal generator. 

Other and further objects, features and advantages of the invention will be appear more fully from the 
IS following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a block diagram which illustrates a first embodiment of the present Invention; 
Fig. 2 Is a block diagram which illustrates an inverter circuit, a transformer and a cyclo-converter circuit 
according to the first embodiment; 

Rg. 3 is a block diagram which illustrates an inverter switching circuit according to the first embodiment; 
Fig. 4 is a block diagram which illustrates a switching signal generating circuit according to the first 
embodiment; 

25 Fig. 5 is a timing chart which illustrates the operation of the first embodiment; 

Rg. 6 is a block diagram which illustrates a second embodiment of the present Invention; 

Rg. 7 is a block diagram which illustrates a cyclo-converter circuit and a filter circuit according to the 

second embodiment; 

Rg. 8 is a block diagram which illustrates a first switching signal generating circuit according to the 
30 second embodiment: 

Rg. 9 is a block diagram which illustrates a second switching signal generating circuit according to the 
second embodiment; 

Fig. 10 is a timing chart which illustrates the operation of the second embodiment; 
Rg. 11 is a block diagram which illustrates a third embodiment of the present invention; 
35 Rg. 12 is a block diagram which illustrates an inverter switching circuit according to a third embodiment; 
Rg. 13 is a block diagram which illustrates a switching signal generating circuit according to the third 
embodiment; 

Fig. 14 is a timing chart which illustrates the operation of the third embodiment; 

Rg. 15 is a block diagram which illustrates a conventional DC-to-AC electric power convertina aoDaratus- 
40 and 

Fig. 16 is a timing chart which illustrates tiie operation of the DC-to-Ac electric power converting 
apparatus shown in Fig. 15. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of tiie present invention will now be described witfi reference to the drawings. 

Rgs. 1 to 5 illustrate a first embodiment of the present invention, where Rg. 1 illustrates the structure of 
the first embodiment. Refemng to Fig. 1, reference numeral 2A represents a transformer, 6A represents a 
canrier signal generator. 14 represents an inverter circuit and 15 represents a cyclo-converter circuit. 
Reference numeral 16 represents a reference voltage signal generating circuit and 17A represents an 
inverter switching circuit. Reference numeral 18A represents a switching signal generating circuit The filter 
circuit 4. the DC power source 12 and the load circuit 13 are the same as those for the conv ntional 
structure. 

Rg. 2 Illustrates the detailed structur of each of ttie inverter circuit 14. the transformer 2A and the 
cyclo-converter circuit 15. The inverter circuit 14 comprises Input terminals 141 and 142 connected to the 
DC power source 12. s miconductor switching devices Si to S4 such as transistors and MOSFETs. diodes 
Di to D4 connected to tiie respective switching d vices Si to S^ in an inverted parail I manner and output 
tenminals 143 and 144. The transform r 2A comprises primary coil terminals 21 and 22 connected to the 
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output t rminals 143 and 144 of the Inverter circuit 14 and secondary coil tenninals 23 and 24 the 
transformer 2A having a transformation ratio of 1:1. The cyclo-converter circuit 15 comprises input terminals 
151 and 152 connected to the secondary coil terminals 23 and 24 of the transfomier 2A, s miconductor 
switching devices Ss to Ss and Ssa to Ssa such as transistors and MOSFETs, diodes D5 to Ds and Dsa to 

5 DsA connected to the above-described switching devices S5 to Ss and Ssa to Ssa in an inverted parallel 
manner and output terminals 153 and 154 connected to the filter circuit 4. The above-described two 
semiconductor switching devices S„ and S„a (n = 5 to 8) and diodes and D„a (n = 5 to 8) connected to 
the two semiconductor switching devices S„ and S„a (n = 5 to 8) constitute bidirectional switches each of 
which is an-anged in such a manner that the direction, through which electric power is suppfied can be 

10 controlled. 

Rg. 3 illustrates the detailed structure of the inverter switching circuit 17A which comprises an input 
terminal 170 connected to the canier signal generator 6A. a peak detecting circuit 171 for detecting the 
peak of tfie signal supplied to the input terminal 170. a 1/2 divider 172 the polarity of the output signal from 
which Is inverted in synchronization with tiie output from the peak detecting circuit 171, NOT circuit 173 
76 connected to tiie 1/2 divider 172 and output terminals 174 to 177. 

Rg. 4 Illustrates the detailed structure of the switching signal generating circuit 18A which comprises an 
input terminal 200 connected to the carrier signal generator 6A, an input terminal 201 connected to ttie 
reference voltage signal generating circuit 16. an absolute circuit 202, a comparator 203 constituted in such 
a manner that it transmits an output signal having a narrow widtii at an intersection between the last 
20 transition slope of the carrier signal Vp and tfie reference voltage signal jVcc-j. a comparator 205 constituted 
in such a manner that it transmits an output signal having a narrow width at an intersection between ttie first 
transition slope of the carrier signal Vp and ihe reference voltage signal jVcc-j, NOT circuits 207, 208 and 
210. 1/2 dividers 204 and 206 ttie polarity of tiie output from which is inverted in synchronization witti ttie 
last transition of the input signal, a polarity discriminating circuit 209. AND circuits 211 to 218 OR circuits 
25 219 to 222 and output terminals 223 to 226. 

Then, the operation of the abovenjescribed structure will be described with reference to a timing chart 
shown in Rg. 5. Rrst. cannier signal Vp in tfie triangular form as shown in tiie uppermost portion of Rg 5 Is 
transmitted from the carrier signal generator 6A. Then, ON/OFF signals Ti to T+ tiie duty ratio of each of 
which is 50 % are transmitted from tiie inverter switching circuit 17A due to ttie following operation: 
refemng to Rg. 3. the carrier signal Vp is supplied via tiie input temninal 170. signal synchronized witti tfie 
peak of the carrier signal Vp is input to the 1/2 divider 172 by ttie peak detecting circuit 171. signal Tx 
shown in Rg. 5 is transmitted from ttie 1/2 divider 172. while signal Ty formed by inverting tfie sign of ttie 
signal Tx is transmitted from the NOT circuit 173. As a result, ttie signal T, serving as ttie ON/OFF signals 
Ti and T4 are transmitted ttirough ttie output terminals 174 and 175. while ttie signal Ty serving as ttie 
ON/OFF signals T2 and T3 are transmitted through the output terminals 176 and 177. When ttie level of 
each of the ON/OFF signals Ti to T^ Is high, the corresponding semiconductor switching devices Si to S* 
of the Inverter circuit 14 shown in Rg.2 are switched on. while tfie same are switched off when tiie above- 
descnbed level is low. As a result of ttie structure shown in Rg. 2, tfie relationships among tfie 
semiconductor swHching devices St to and tfie secondary voltage V2 of the transformer 2A are 
40 expressed as follows: 

N/Vhen the switches Si and S4 are switched on: V2 = V^c 

When the switches S2 and S3 are switched on: V2 = - V^g (1) 

where symbol V^c denotes tfie DC output voltage from the DC power source 12. Therefore, the secondary 
voltage V2 becomes rectangular wave voltage tfie duty ratio of which is 50 % as shown in Rg. 5. 

On tfie ottier hand, reference voltage signal Vcc*. which denotes ttie voltage to be transmitted from ttie 
cyclo-converter circuit 15. Is transmitted from the reference voltage signal generating circuit 16 so as to be 
supplied to tfie switching signal generating circuit 18A together witti ttie carrier signal Vp. When ttie 
switching signal generating circuit 18A receives tiie above-described signals Vcc- and Vp, it transmits tfie 
switching signals Ts to Ts. ttie pulse widtti of each of which has been modulated, as follows: referring to 
Fig. 4, ttie reference voltage signal Vcc* supplied ttirough ttie Input temninal 201 is converted into absolute 
signal |Vcc.| by ttie absolute circuit 202. The above-d scribed absolute signal jVcc^ is divided into two 
portions either of which is supplied to th comparator 203 so as to be subjected to a comparison witti ttie 
last transition of tiie carrier signal Vp supplied via ttie input terminal 200 and ttie ottier of which is supplied 
to ttie comparator 205 so as to b subject d to a comparison with tfie first ti^ansition of Vp. 

The output from tii comparator 203 is transmitted to tfie 1/2 divider 204 which ttien transmits a signal 
Ta shown in Rg. 5. The output from tiie comparator 205 is transmitted to tiie 1/2 divider 208 which then 
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transmits signal Tb shown In Fig. 5. When the signal Ta is supplied to the NOT circuit 207. signal Tc is 
transmitted. When the signal Tb is supplied to the NOT circuit 208. signal Td is transmitted. Then, the 
relationships among the signals Ta to Td and the output voltage Vcc from the cyclo-converter circuit 15 will 
be described. When the polarity of the output voltage Vcc is desired to be made positive, the switching 
5 signals Ts to Ts are determined in accordance with the following equations: 

Ts = Ta, Tb = Td. T? = T^ Ts = Tb (4) 

In response to the switching signals Ts to Tg, the semiconductor switching devices and S„a (n = 5 
10 to 8) constituting the bi-directlonal switch are switched on/off. The relationships among the operation of the 
semiconductor switching devices Ss to Sa and Ssa to Sba and the output voltage Vcc from the cyclo- 
converter circuit 15 are expressed by the following equations: 

f*. 

When Ss and Ss (or SgA and Ssa) is switched on: Vcc = V2 
75 When Se and S? (or S^a and Sta) is switched on: Vcc = - Yz 
When Ss and Se (or Ssa and Soa) is switched on: Vcc = 0 
When S7 and Ss (or S7A and Ssa) is switched on: Vcc = 0 (5) 

Therefore, as can be shown from Equations (4) and (5), when the levels of the signals Ta and Tb are 
20 respectively high and low. Vcc = V2. When the levels of the signals Ta and Tb are respectively low and 
high, Vcc = - V2. When the levels of the signals Ta and Tb are simultaneously high or low. Vcc = 0. 
Therefore, the output voltage Vcc from the cyclo-converter circuit 15 is. as shown in Rg. 5, subjected to the 
PWM operation so as to be made positive voltage. On the contrary, when the polarity of Vcc is desired to be 
made negative, the switching signals Ts to Ts may be detenmined in accordance with the following 
25 equations: 

Ts = Tc. Ts = Tb, T7 = Ta, Ts = Td (6) 

Then, the operation of the switching signal generating circuit 18A will be described. The polarity 
30 discriminating circuit 209 transmits polarity signal Vsg„ of tiie reference voltage signal Vcc*. Furthermore, the 
NOT circuit 210 transmits a signal obtained by inverting tiie sign of tine polarity signal Vso„. The above- 
described signals and signals Ta to Td are supplied to the OR circuits 219 to 222 via the AND circuits 211 
to 218. When the polarity of the reference voltage signal V^j* is positive, the signals Ta. Tc, Td and Tb are 
transmitted from tiie corresponding AND circuits 211, 214. 216 and 217. Therefore, the output terminals 223 
35 to 226 transmit the switching signal T5 to Ts which correspond to Equation (4). Similarly, when the polarity 
of ttte reference voltage signal Vcc* is negative, the switching signals Ts to Tg corresponding to Equation 
(6) are transmitted. 

As a result of the above-described operation, voltage Vcc liaving tfie waveform formed by pulse-widtfi- 
niodulating tiie AC reference voltage signal Vce* transmitted from ttie reference voltage signal generating 

40 circuit 16 is transmitted from the cyclo-converter circuit 15. Furthenmore. the output voltage Vcc. from which 
its high frequency component has been removed by the filter circuit 4 connected to the output side of ttie 
cyclo-converter circuit 15. is supplied to the load circuit 13. 

Then, the electric cunrents which respectively pass through the inverter 14 and ttie cyclo-converter 15 
will now be described with reference to Rg. 5. 

45 Output cun'ent Ice from the cyclo-converter 15 is, as shown in Rg. 5. a continuous electric current which 
is determined by the filter circuit 4 and tiie load circuit 13. The electric current which passes ttirough ttie 
cyclo-converter 15 repeats ttie following two modes due to tiie PWM operation performed by the switching 
element, that is, a mode in which it passes through the cyclo-converter 15 and anottier mode in which it 
circulates in the cydo-converter 15: 

50 

(i) Passing Mode 

A mode in which two arms Ss and Ss of tii cyclo-converter arms or two arms Se and S7 of the same 
are simultaneously turned on so that the voltage Vcc is transmitted. The output current U is transmitted 
55 from the inverter 14 via the cyclo-converter 15. 

(ii) Circulation Mode 
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A mode in which two arms Ss and Sg of the cyclo-converter amis or two arms Sz and Ss of the sam 
are simultaneously turned on so that the voltage Vec becomeszero. The output current !«, circulates in th 
cyclo-converter 15 before It is transmitted. Ther fore, no electric current passes through the invert r 14. 

Therefore, as shown in Rg. 5. the input electric current ^ received by the cyclo-converter 15 passes in 
only a period in which the voltage Voc is transmitted. The pulse width of Vcc is controlled in such a manner 
that its center is made to be the zero point of the earner signal Vp. Thus, its width becomes the width 
between two peaks of Vp when the pulse width becomes largest. Therefore, by setting the gain of the 
reference voHage generating circuit 16 in such a manner that the maximum absolute value jVcc-j of the 
reference voltage signal shown in Rg. 5 is smaller than the peak value of the carrier signal Vp Vcc 
necessarily becomes zero in the vicinity of the peak value of the can-ier signal Vp and also U necessarily 
becomes zero. On the other hand, the ON/OFF signals T^ and Ty synchronize with the peak of the camer 
signal Vp as shown in Fig. 5, switching of the inverter 14 is necessarily performed in a period U = 0, that is, 
in a period In which the electric current is not substantially passed through each arm of the inverter 14 The 
switching loss of the switching element of the inverter 14 relates to the electric current, which passes 
through the switching element, and the applied voltage. Therefore, when the level of the electric current is 
zero, no switching loss is generated. That is. the inverter 14 is able to be operated while preventing the 
switching loss. 

Since the surge voltage which is generated due to switching of the inverter 14 and which affects the 
voltage resistance of the circuit element is generated when the electric current which passes through by a 
quantity conresponding to the inductance of the inverter circuit 14 is intermpted. an undesirable surge 
voltage cannot be generated by perfomning the switching operation when the electric current, which passes 
through the switching element. Is zero. 

Then, a second embodiment of the present invention will be described with reference to Rgs. 6 to 10 
According to this embodiment, a three-phase AC voltage is transmitted as an example of the cases in which 
a multi-phase AC output is obtained. Rg. 6 is a block diagram which illustrates the third embodiment. 
Refemng to the drawing, reference numeral 4A represents a filter circuit. 15A represents a cyclo-converter 
circuit and 16A represents a reference voltage signal generating drcuit. Reference numeral 18B represents 
a first switching signal generating circuit, 30A represents a second switching signal generating circuit and 
13A represents a three-phase load circuit connected to the above-described DC-to-AC electric power 
converting apparatus. The other elements are the same as the elements according to the first embodiment. 

Rg. 7 Illustrates the detailed structure of the cyclo-converter circuit 15A and that of the filter circuit 4A. 
The cyclo-converter circuit 15A comprises input terminals 4O0 and 401 connected to the secondary coil 
terminals 23 and 24 of the transformer 2A. semiconductor switching devices Ss to Sio and Ssa to Sioa such 
as transistors and MOSFETs. diodes Ds to Dio and C^a to Dioa connected to the above-described switching 
devices Ss to Sio and Ssa to Sioa m an inverted parallel manner and output tenninals 402 and 404 
connected to the filter circuit 4A. The above-described two semiconductor switching devices S„ and S„a (n 
- 5 to 10) and diodes D„ and DnA (n = 5 to 10) connected to the two semiconductor switching devices S„ 
and SnA (n = 5 to 10) constitute bidirectional switches each of which is anwiged in such a manner that the 
direction, through which electric power Is supplied, can be controlled. 

The filter circuit 4A comprises input temriinals 405 to 407 respectively connected to the output terminals 
402 to 404 of the cyclo-converter circuit ISA. reactors U= and condensers Cf and output tenninals 408 to 
410. 

Rg. 8 illustrates the detailed structure of the first switching signal generating circuit 18B which 
comprises input tenninals 420 to 422 connected to the reference voltage signal generating circuit 16A. an 
input terminal 423 connected to the earner signal generator 6A. comparators 424 to 426, NOT circuits 430 
to 432, polarity discriminating circuits 433 to 435 and output terminals 436 to 444. 

Rg. 9 illustrates the detailed structure of the second switching signal generating circuit 30A which 
comprises input terminals 450 to 455 connected to the output tenninals 436 to 441 of the first switching 
signal generating circuit 18B. input terminals 456 to 458 connected to the output tenninals 442 to 444. an 
input temninal 459 connected to the inverter switching circuit 17, XOR (exclusive OR) circuits 462 to 470 
and output terminals 471 to 476. 

Then, the operation of the second embodiment will be described with ref rence to Fig. 10. Rrst. the 
triangi shape cani r signal Vp shown in the upp rniost portion of Rg. 10 is transmitted from the carrier 
signal generator 6A. Th can-ier signal Vp is then supplied to the Invert r switching circuit 17 so that the 
invert r switching circuit 17 transmits the ON/OFF signals Tt to T*. The four semiconductor switching 
devices Si to S^ of the inverter circuit 14 are switched on/off in respons to the ON/OFF signals Ti to T* 
As a r suit, the secondary voltage Vz of the transfonner 2A b com s rectangular wavefonn voltage the duty 
ratio of which is 50 % as shown in Rg. 10. Since the above^escribed operation is the same as that 
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according to the first embodiment, the detailed description is omitted her . Then, three-phase (phases, u. v 
and w) AC reference voltage signals Vccu*. Vav* and Vccwr are transmitt d from the reference voltag signal 
generating circuit 16A so as to be supplied, together with the canier signal Vp. to th first switching signal 
generating circuit 18B. 

6 Then, the operation of the four switching devices Ss. Se. Ssa and SgA included in the cyclo-converter 
circuit 15A for controlling the voltage of the phase u will be described with reference to Rg. 10. Refening to 
Fig. 8, the u-phase reference voltage signal Vccu* supplied to the input terminal 420 of the first switching 
signal generating circuit 18B Is. together with the earner signal Vp supplied to the input terminal 423, 
supplied to the comparator 424. As a result, the first switching signal Tp^ as shown In Rg. 10 is transmitted 

10 from the comparator 424. The signal Tpu Is supplied to the NOT circuit 430 so that the first switching signal 
Tqu shown in Rg. 10 is transmitted. These first switching signals Tp„ and Tqu are transmitted through the 
output terminals 436 and 437, respectively. The polarity of Vccu- is discriminated by the polarity dis- 
criminating circuit 433 so as to be transmitted through the output terminal 442 as u-phase voltage polarity 
signal Vsgn. 

15 Then, the operation of the second switching signal generating circuit 30A will be described. Referring to 
Rg. 9. the u-phase voltage polarity signal Vsg„ transmitted from the first switching signal generating circuit 
18B and the signal Tx, which is shown in Rg. 10, transmitted from the inverter switching circuit 17A are 
supplied to the XOR circuit 462 via the input terminals 456 and 459. The XOR circuit 462 transmits the 
signal Y„ of a high level when the level of the polarity signal Vsgu and that of the signal Tx are the same 

20 (that is. the polarity of the u-phase output voltage Vccu of the cyclo-converter 15A and that of the secondary 
voltage V2 of the transfomner 2A are the same). On the other hand, the XOR circuit 462 transmits the 
signal of a low level when the level of the polarity signal Vsg„ and that of the signal Tx are different from 
each other. Then, the switching signals Tpu and Tqu transmitted from the first switching signal generating 
circuit 188 are supplied via the input terminals 450 and 451 so as to be supplied, together with the signal 

25 Yu. to the XOR circuits 465 and 466. In response to this, the second switching signals T5 and Tg which 
correspond to the polarity of the secondary voltage V2 are transmitted from the XOR circuits 465 and 466 
through the output tenminals 471 and 472. As a result, the switching devices Ss, Se, Ssa and Sba are 
switched on/off. 

Then, the output voltage from the cyclo-converter circuit 15A will now be described with reference to 
30 phase u. While arranging the electric potential at the neutral point of the voltage supplied to the cyclo- 
converter circuit 15A. that is, tiie electric potential at tiie midpoint of the secondary coil of the transformer 
2A to be the reference, voltage Vuo of the u-phase output terminal 402 is expressed by the following 
equation: 



35 



40 



When S5 or Ssa is switched on: Vuo = ^ 

2 



When S6 or S6a is switched on: Vuo « - ^ (7) 



Since tiie signal T5 for switching on/off the switching elements S5 and Ssa is generated from tiie PWM 
signal Tpu and the signal T^ denoting tiie polarity of V2 in the above-described manner, the wavefonn of the 
voltage Vuo becomes as shown in Rg. 10, tiie waveform being formed by pulse-width modulating in such a 

45 manner that its basic wave component becomes Vccu* corresponding to the PWM signal Tpu. 

Also the waveforms of the v-phase output voltage Vyo and the w-phase output voltage V^o become 
those corresponding to the reference signals Vccv and Vccw-. respectively before tiiey are transmitted to the 
v-phase output terminal 403 and the w-phase output terminal 404, respectively. The high frequency 
components of the output voltages Vuo. Vvo and V^o are removed by the filter circuit 4A before they are 

50 transmitted to tiie output terminals 408 to 410 so as to be supplied to tiie load circuit 13A. 

Taking note of the electric current which passes through the cyclo-converter 15A, there are the passing 
mode and the circulation mode similarty to tiie above-described first embodiment However, since the three- 
phase circuit has a plurality of arms through which the electric cun-ent circulates, it circulates through tfi v- 
phase arms (S7 and S7A or Ss and Sba). the w-phase arms (89 and Sqa or S10 and Sioa) or both the above- 

55 described arms in a case of, for example, the u-phase electric cunrent Iccu circulates. However, since tiie 
sum of the three-phase electric currents is always 2 ro (Iccu + Iccv + locw = 0), there is a mode in which 
only a portion of th u-phase electric cunBnt circulates. All of tiie tfiree-phase lectric cunents circulate 
when the thr e amns Ss (or Ssa), S7 (or Sja) and S9{or S9A) are simultaneously tumed on or when tfi three 
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16 



20 



arms Ss (or Ssa), Ss (or Ssa). Sio (or Sioa) are simultaneously turned on. 

As can be seen from Rg. 10. the switching pattem in which all of the three-phase lectric currents 
circulate Is necessarily generated in the vicinity of the peak value of the earn r signal Vp similarly to th 
above-described first embodiment. Therefore, also according to the second embodiment switching of the 
5 inverter is necessarily performed in the period !» = 0. that is, in the period in which the electric current is 
not substantaally passed through each arm of the inverter. As a result, a three-phase output voltage can be 
obtained while preventing the generation of the switching loss in the inverter and as preventing the surge 
voltsige. 

Then, a third embodiment of the present invention will now be described with reference to Figs. 11 to 
10 14. According to this embodiment, a three-phase AC voltage is transmitted. 

Rg. 11 is a block diagram which illustrates the stnicture of the third embodiment, where reference 
numeral 6B represents a can-ier signal generator for generating a sawtooth-shaped carrier signal 17B 
represents an inverter switching circuit and 18C represents a switching signal generating circuit. The'other 
structures are the same as those according to the second embodiment shown in Rg. 6. 

Rg. 12 illusfrates the detailed sfructure of the inverter switching circuit 17B which is structured in the 
same manner as the inverter switching arcuit 17A according to the first and second embodiments except 
for tile arrangement in which a detection circuit 178 is employed in place of the pealt detection circuit 171 
the detecton circuit 178 according to this embodiment acting to generate a signal at the first transition edg^ 
of the input signal supplied to the input terminal 170. 

Rg. 13 illustrates the detailed structure of the switching signal generating circuit 18C which comprises 
ttie input tenninais 420 to 422 connected to the reference signal generating circuit 16A, the input temtinal 
423 connected to the canier signal generator 68. comparators 433 to 435 an-anged to transmit output 
signa s each of which has a nan-ow width at the intersections between the last transition slope of the carrier 
f ^?oi "^^^ reference voltage signals V.c„.. V,^ and V«^. 1/2 dividers 427 to 429. NOt circuits 430 
25 to 432 and the output terminals 471 to 476. 

Then, the operaBon of the third embodiment thus-constituted will now be described with reference to 
ng. 14. 

Rrst. the carrier signal Vp formed into a sawtooth shape which is lowered to the right as shown in Rg 
14 1$ transmitted from the canier signal generator 68. Then, by supplying the canier signal Vo thus- 
transmitted to the inverter switching circuit 178. an inverter ON/OFF signal Tx (T,. T4) and T„ (Ta T3) which 
synchronize with the first transition edge of Vp is transmitted to the inverter circuit 14, causing the four 
switching elements Si to of the inverter circuit 14 to be switched on/off by corresponding signals As a 
result the secondary voltage V2 of the fransfomier 2A becomes, as shown in Hg. 14. a rectangular 
waveform voltage which synchronizes with the first fransition edge of the canier signal Vp and the duty ratio 
Of which IS 50 %. Then, the reference voltage signal generating circuit 16A transmits the three-phase AC 
reference voltage signals V^cu-. Vccv- and before they are, together with the above-described carrier 
signal Vp.supplied to the switching signal generating circuit ISC. 

Taking note of phase u. a narrow-width pulse is transmitted from the comparator 433 at the intersection 
between the first fransition slope of the canier signal Vp and the reference voltage signal Vcc„. before it is 
divided by the 1/2 divider 427. As a result, the switching signal Ts formed as shown in Rg. 14 is fransmitted 
to the output terminal 471. Furthemiore. the signal Te obtained by inverting the signal Ts in the NOT drcuit 
430 IS fransmitted to the output terminal 472. Similarly, the signals T7 and Tg which correspond to the 
phase V are fransmitted to the output terminals 473 and 474 and the signals T9 and T10 corresponding to 
^■.^^^ ^ fransmitted to the output tenninals 475 and 476. In this state, since the ttiree 1/2 dividers 
427 to 429 are synchronized with each other, the signals Ts, T7 and T9 respectively first-rise or bail in the 
same penod of the carrier signal Vp. 

The switching signals Ts to T,o respectively switeh on/off the swttchlng element pairs composed of the 
switorfiing elements S5 - Ssa to Sio - Sioa of the cyclo-converter circuit 15A. 

As a result, the output voltage V„o fomned by pulse-width-modulating Vc^. can be obtained at the u- 
ph^e output terminal 402 of the cyclo-converter circuit ISA. while the output voltage Vv„ fbmied by pulse- 
width modulating Vocv can be obtained at tiie v-phase output tennlnal 403 of the same. In this state the 
vottage Vuv between the phases u and v becomes the difference between V„o and V«o. 

Similaily to the first and s cond embodiments, ttie third embodiment is enabled to hav the cyclo- 
com^erter elecfric current passing mode and the circulating mode. Taking note of the elecfric current U 
6S which passes betwe n the phas u and th phase v. ttie period in which the voltage is fransmitted to V„ 
becomes th passing mode similariy to the first embodiment TH r fore, the wavefomi of th uv component 
in Is becomes as shown In Fg. 14. 

As a resutt of a comparison made b tw en th uv component in I, and Tx and Ty shown In Rg. 14, K 
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can be understood that the switching of the inverter circuit is necessarily performed in the period of the 
circulating mode. Since the same result can be obtained also considering the el ctric cun-ent passing 
through the phase w, all of the thre electric currents ar brought Into the circulating mode in the vicinity of 
the first transition edge of the carrier signal Vp. Therefore, also according to the third embodiment, the 

5 switching of the inverter circuit is perfonmed in the period t = 0. that is, in a period in which the electric 
current is not substantially passed through each arm of the inverter circuit- As a result, the same effect as 
that obtainable according to the first and second embodiments can be obtained. 

Furthermore, according to the third embodiment, an effect can be obtained in that the structure can be 
simplified in comparison to the second embodiment. Although the description has been made about the 

70 three-phase structure, the cyclo-converter can be constituted as the mono-phase output similarly to the first 
embodiment. 

Although the invention has been described in its preferred form with a certain degree of particularly, it is 
understood tiiat tiie present disclosure of the preferred form has been changed in the details of construction 
and the combination and arrangement of parts may be resorted to without departing from the spirit and the 
75 scope of the invention as hereinafter claimed. 

Claims 

1. A DOto-AC electric power converting apparatus comprising: 

an inverter circuit having a plurality of switching elements and converting DC electric power into AC 
electric power; 

a transformer connected to said inverter circuit; 

a cyclo-converter circuit for converting the frequency of the output from said transformen 
a carrier signal generator for generating a carrier signal of a predetermined frequency; 
an inverter switching drcuit for controlling the switching operation of a plurality of said switching 
elements of said inverter drcuit in synchronization with said canier signal and switching a plurality of 
said switching elements of said inverter circuit in a period in which an electric current is not 
substantially passed through said Inverter circuit; 

a reference voltage signal generating circuit for generating a reference voltage signal for the AC 
voltage to be transmitted from said cyclo-converter circuit; and 

a switching signal generating circuit for generating a control signal for controlling said cyclo- 
converter circuit in response to said reference voltage signal generated by said reference voltage signal 
generating circuit and said carrier signal generated by said carrier signal generator. 

35 2. An apparatus according to claim 1 wherein said inverter switching circuit switches on/off a plurality of 
said switching elements of said inverter circuit in a period in which an output electric current from said 
cyclo-converter circuit circulates in said cyclo-converter circuit 

3. An apparatus according to claim 1 wherein said inverter switching circuit transmits a confrol signal, the 
40 duty ratio of which is about 50 %. to said inverter drcuit. 

4. An apparatus according to claim 1 wherein said cyclo-converter circuit includes a plurality of switohing 
elements and transmits AC power which has been subjected to a pulse width modulation. 

45 5. An apparatus according to claim 1 wherein said cyclo-converter circuit transmits multi-phase AC power. 

6. An apparatus according to claim 1 further comprising a filter circuit for removing the high frequency 
component of the output from said cyclo-converter circuit. 
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FIG. 5 
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FIG. 8 
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FIG. 9 
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FIG. 12 



17B 

J 



170 



Vp 




DETECT- 
ING 
CIRCUIT 




FIG. 13 



Vccu 



Vccv 



420 



433 



421 



Vccw< 



422 



VpJ> 

423 ' 



COMPA- 
RATOR 



COMPA- 
RATOR 



COMPA- 
RATOR 



434 



,435 



427 



1/2 



428 



1/2 



429 



1/2 



18C 



431 




432 



471 j 
--^^ T5 



472 i 

T6 



473 j 

-^T7 



474 1 

— T8 



475 



T9 
476 j 

— ^ Tio 



.0475346A2J_5 



22 



EP 0 475 345 A2 



FIG. 14 
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@ AC/DC power converting apparatus. 



® A DC-to-AC electric power converting apparatus 

comprising: an inverter circuit (14) having a plurality 
W of switching elements and converting DC electric 
^ power into AC electric power; a transformer {2A) 
l£> connected to the inverter circuit (14); a cyclo<con- 
^ verter circuit (15) for converting the frequency of the 

output from the transformer (2A); a canier signal 
|f> generator (6A) for generating a earner signal of a 
^ predetermined frequency; an inv rter switching cir- 
^ cuit (17A) for controlling the switching operation of a 
O plurality of tii switching elements of the inverter 

circuit (14) in synchronization with the canier signal 
lij and switching a plurality of the switching elements of 



the inverter circuit (14) In a period in which an 
electric current is not substantially passed through 
the inverter circuit (14); a reference voltage signal 
generating circuit (16) for generating a reference 
voltage signal for tiie AC voltage to be transmitted 
from the cyclo-converter circuit (15); and a switching 
signal generating circuit (18A) for generating a con- 
trol signal for controlling the cyclo-converter circuit 
(15) in response to the ref r nee voltage signal 
generated by the reference voltag signal generating 
circuit (16) and the canier signal generated by the 
carrier signal generator (6A). 



BNSOOCID: <EP_0475346A3J_> 



Rank Xerox (UK) Business Services 



12 I— 



Vdc 



16 



6A 



14 



INVERTER 
CIRCUIT 




Ti—T^ 


INVEI 
SWITC 
CIRC 


^TER 

:hing 
;uiT 





TRANS- 
FORMER 


Is 




tV2 







EP 0 475 345 A3 

FIG. I 

2A 15 



CYCLO 
CONVERTER 
CIRCUIT 



CARRIER 
SIGNAL 
GENERATOR 



REFERENCE VOLTAGE 
SIGNAL GENERATING 
CIRCUIT 



A7A 



18A 



Vp 

Vcc 



SWITCHING 

SIGNAL 
GENERATING 
CIRCUIT 



T5--T8 





4 


13 




FILTER 
CIRCUIT 




LOAD 


tvcc »cc 











BNSEXDCID: <EP_0475345A3_L> 



2 



EUROPEAN SEARCH REPORT 



EP 91 11 5268 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CLASSDICMION OF THE 



0,A 



PESC 88 RECORD 

11 April 1988, KYOTO 

pagtts 658 - 663; 

YAMATO: *New conversion systM for UPS using 
high frequency link' 
* the Mhole docunent * 



H02N7/539 



1,2 



9 October 1989. AACHEN 
peges 341 - 346; 

YQNEMORI: ' Istenteneous voltage controlHbesed 
sinusoldel CVCF Inverter with high-frequency 
resonent AC link end Its UPS systen application' 
* page 343, paragraph 2 -paragraph 3; figures 
2-8 • 

INTELEC .89 CONF. PROCEEOINQS 
15 October 1989. FZRENZE Article 19.1. page 1-6 
MUROVAHA: *A control Method for a high frequency 
link Inverter using cycloconverter techniques' 
2; figure 9 • 



1-4.6 



(IM.CL5) 



H82N 



I 
1 
§ 



THE HAGUE 



■•rikti 

27 mRCH 1992 



GENnU U 



cAisGcwir OF cms DocuMsms 




T:teyorprisdfU 
B : «ute p«s«t iocn 
itottefilli«(tet» 

hi 



roTllMi 




8NSDOCID: <EP_047Sa4SA3J_> 



